Abstract: Exhaust systems are susceptible to in-service wear because of their exposition to the very aggressive corrosive environment. Various stainless steels grades (mostly ferritic and austenitic, but also martensitic and duplex) and protective coatings are currently used for exhaust system elements to increase their aestetics and corrosion resistance. This article focuses on evaluation and comparison of the common corrosion properties of two stainless steels with different microstructures (ferritic and austenitic) used for exhaust system components at the low ambient temperature (35 °C). An aggressive acidic corrosion solution for electrochemical cyclic potentiodynamic tests (ASTM G61) was chosen to simulate partly inner (condensate) and also external environment (reaction of exhaust gases with water, chlorides in solution after winter road maintenance). Exposure tests of the pitting corrosion resistance were performed according to ASTM G48 standard method.
INTRODUCTION
A technological progress in different industry fields, among others in automotive industry brings high exploational durability requirements of devices and also it is an inspiration to work out on new materials and technologies to protect materials working in aggressive environments. The total elimination of negative effect on corrosive processes on surfaces of devices is impossible however it can be minimized by suitable grade of steel, protective coatings or by the modification of chemical composition and the structure of material (Adamczyk, 2004) , (Wróbel-Knysak, 2012) , (Lukaszkowicz, 2014) . Exhaust systems exposed to the very aggressive corrosive environment are particularly susceptible to in-service wear. Due to a complex structure of the system, there are service-related factors that affect it especially negatively -variable temperature (average cars exhaust fumes at the collector entrance reach over 900 °C , in the front pipe approx. 800-900 °C , in the catalytic converter exhaust fumes cool down, in the tailpipe approx. 200-350 °C ), aggressive composition and low pH of condensate and mechanical damage as well. The above mentioned factors depend on the location, operation and maintenance, vehicle capacity and engine type (Han et al., 2014) , (Wróbel-Knysak, 2016) . The biggest danger for the exhaust systems is the high temperature corrosion additionally increased by the reaction of the condensate. High temperature corrosion resistance of metallic materials during the operation of the automotive exhausts can be increased by using suitable alloying elements, which inhibit the oxidation processes (for iron alloys: Al, Cr, Ni, Si, Co, Mg), by using protective coatings or by using different steel grades depending on the operating conditions of the individual exhaust system components (Bala, 2002) , (Wróbel-Knysak, 2012) , (Lukaszkowicz, 2014) . Material selection of an exhaust system depends on several parameters (e.g. temperature, geographical region and vehicle application) according to the operating conditions of the individual components. Manifolds are mostly made of cast irons, for the mufflers and pipes commonly ferritic stainless steels are used (Rajadurai et al., 2014) . Austenitic stainless steels were used for exhaust systems in previous years (e. g. mufler in Audi 80). The authors (Inoue and Kikuchi, 2003) suggest austenitic stainless steel (316L) for flexible pipes manufacturing. According to numerous authors (Lukaszkowicz, 2014) , (Rajadurai et al., 2014) , (Wróbel-Knysak, 2016) , (Wróbel and Kucharska, 2011 ) the most economical solutions for protection and for improvement of aesthetics and service life are hot dip aluminium -silicon coatings deposited on the surface of 1.4512 steel with increased corrosion resistance. The aim of this paper is to evaluate and compare the common corrosion properties of two stainless steels with different microstructures (ferritic and austenitic) used for exhaust system components at the low ambient temperature (35 °C). An aggressive acidic corrosion solution for electrochemical cyclic potentiodynamic tests (ASTM G61) was chosen to simulate partly inner (condensate) and also external environment (reaction of exhaust gases with water, chlorides in solution after winter road maintenance). Exposure tests of the pitting corrosion resistance were performed according to ASTM G48 standard method.
EXPERIMENTAL MATERIAL
The experimental material:  The 1.4404 (X5CrNiMo17-12-2, 316L) austenitic stainless steel (chemical composition according to the manufacturer's certificate in Table 1 ) was purchased in sheet (1000 x 1500 mm) of 1.5 mm thickness. Its treatment (marked as IIB/IIIC) was based on cold rolling, homogenization annealing (1040 -1100 °C and pickling after slightly smoothing rolling (www.italinox.sk).  The 1.4512 (X2CrTi12, 409) ferritic stainless steel (group of steel with increased corrosion resistance) in the form of a sheet (1 mm thickness) after rolling preparing for the application of Al-Si coating in a hot dip process. The chemical composition according to the EN 10088 is presented in Table 1 (PN-EN 10088-2).
Microstructure of the 1.4404 stainless steel ( Fig. 1.) is created by polyedric austenitic grains with numerous twins, which could be created by annealing or by rolling (Uhríčik et al., 2016) . 
EXPERIMENTAL PROCEDURE Electrochemical corrosion test:
Cyclic potentiodynamic polarization tests (ASTM G61) of both stainless steels were carried out in a three electrode cell of corrosion measuring system (VoltaLab 10 with VSP unit). Potentiodynamic polarization curves were obtained by the EC-LAB SOFT software. Potential between the sample and the electrolyte has been settled for 10 minutes before the polarization. Scan range was -0.2V -0.9 V vs the open circuit potential and the scan rate was 1 mV/s. The surface of working electrode (1.4404 and 1.4512 stainless steels) of 1 cm 2 area was not additionally treated, only rinsed with ethanol before measurement. The saturated calomel electrode (SCE) was applied as the reference electrode and platinum foil as a counter electrode. All experiments were carried out at ambient temperature of 35 °C. At least five experiment repeats were carried out and one representative curve for both types of steels was chosen. The 5 % sodium chloride solution acidified by the acetic acid was used as the corrosion environment for electrochemical cyclic potentiodynamic test. The resulting pH of solution was 3.2 and the specific conductivity was 85.2 mS.cm -1
. The used solution was chosen because of simulation aggressive environment to which exhaust systems are exposed.
Exposure immersion test:
The pitting corrosion resistance of the both materials was also tested by ASTM G48 immersion test in 5 % ferric chloride solution (Zatkalíková et al., 2014) . The specimen's shape for the immersion test was rectangular (30 mm x 30 mm). The specimen surface was not treated (mechanically or chemically) only the edges were ground by abrasive paper grain 600. The grease was removed by ethanol. The specimens were weighted out with accuracy ± 0.000 01 g (Mettler Toledo XS 205). Immersion test was 24 hours and it was carried out at the ambient temperature of 35 °C. After exposure the specimens were carefully brushed, washed by de-mineralized water and by ethanol, freely dried up and weighted out again. Specimen surfaces after immersion tests were observed by the optical microscope Axio Imager. Average corrosion rates (g.m -2 .h -1 ) were calculated from the mass losses (g) during the immersion tests (two parallel specimens were tested for each steel type and the average corrosion rates were calculated).
EXPERIMENT RESULTS AND DISCUSSION
According to ASTM G61 standard method, the pitting potential (E p ) and the repassivation potential (E rp ) are the most important electrochemical characteristics of the cyclic potentiodynamic polarization curve. E p potential can be determined as the potential of a sudden, strong increase of current density on the curve of the direct measurement, which denotes the breakdown of the passive film and the beginning of stable pit growth. The shift of E p to more noble value means the rise of resistance to pitting (Szklarska-Smialowska, 2005) , (Hadzima and Liptáková, 2008) . E rp is obtained as the potential at which the backward measurement curve crosses the direct measurement curve. The corrosion potential (E corr ) and the corrosion curret density (i corr ) are aelectrochemical characteristics which can be determined according to Tafel analysis of the potentiodynamic curve. The lower E corr points to the lower termodynamicstability of metal/alloy. The i corr value has the direct relationship to the kinetics of the corrosion process. The higher i corr value means the higher corrosion rate. Cyclic potentiodynamic curves of the tested steels in 5 % acidified sodium chloride solution are shown in Figs. 3 . and 4. The electrochemical characteristics of the both steels are in Table 2 . The shape of 1.4512 ferritic steel cyclic polarization curve (Fig. 3) points to an active anodic dissolution in aggressive chloride environment. The surface passive film was probably broken at the start potential (-200 mV vs. open circuit potential). It became evident by increase of current density immediately after overreaching of its zero value. Therefore it was not possible to determine the E p and E rp potentials.
The cyclic curve of 1.4404 austenitic steel (Fig. 4) is of a typical loop shape with clearly observable pitting potential (located in the point of the strong current density increase on the direct measurement curve). All electrochemical characteristics presented in Table 2 indicate the significantly lower corrosion resistance of the ferritic steel in comparison with the austenitic one. These results were confirmed by an independent ASTM G48 exposure immersion test as well. The surfaces of both steels were attacked by corrosion, but the damage is very different. The surface of the 1.4512 ferritic steel became dark and matte (Fig. 5A. ). When observed with the naked eye, the damage is similar to uniform corrosion. Microscopic observation revealed small, round shaped corrosion pits uniformly distributed over the entire surface (Fig. 6.) . The typical local corrosion damage of 1.4404 austenitic steel is shown in Fig. 5B . Corrosion pits are narrow and long, they were probably initiated in the edge with higher surface roughness (in comparison with specimen area). A wavy, jagged edge of the pit can be seen on microscopic observation (Fig. 7) . Average corrosion rates calculated from mass losses during the immersion tests are shown and compared in Fig. 8 . This comparison confirmed significantly higher corrosion resistance of 1.4404 austenitic stainless steel. 
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CONCLUSION
In the above defined test conditions, both performed tests confirmed significantly better corrosion resistance of tested 1.4404 austenitic steel than of 1.4512 ferritic one. The sufficient corrosion resistance (required for exhaust systems) of 1.4512 steel is achieved by using Al-Si protective coatings which also essentially improve the aestetics of the product. The passive film formed on the coating surface is durable for the pH range of (4-8.5), as shown in the Pourbaix diagram (Wróbel-Knysak, 2012 ). Due to the economic factor, 1.4512 ferritic steel is the most commonly used stainless steel with additionally applied protective coating. Due to the changing needs and requirements of the automotive market, exhaust materials are used individually for the model, class, and performance of the cars. Therefore, the use of 1.4404 steel is an excellent alternative for the individual needs of the consumer, for example, an aesthetic factor. Exhaust systems made of ferritic steel during operation (after the corrosion test) become matte, while the austenitic steel remains shiny. Corrosion tests used at work do not include the effects of high temperatures, which in the exhaust systems is variable and reaches over 900 °C, and it affects significantly corrosion processes, among others stress corrosion. 
